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A bstract : Ultrasonic absorption measuretnentN have been carried out in lyotropic liquid 
crystalline system n*octylamine/heavy water in tlie frequency range 5-65 MHz and at lempenitums 
30®C and 37°C, at different concentrations of heavy waiei in octyinminc Velocity has been 
measured using interferometric technique at 2 MHz at different concentrations of heavy water. 
Ultrasonic absorption coeffleiints at different concentration.^ in the concentration range 0.3-0.9 
m.f. heavy water have been found to show a maxima in the absorption curve at critical 
concentration (-0.85 m.f. heavy water) This peak ha.s been found to shift towards lower 
concentrations of heavy water at higher frequencies Results have been analysed and it has been 
found that single relaxation process takc.s place around 30 MHz and thi.s has been attributed to 
aggregation of octylamine and heavy water molecules
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PA CS Nos, : 62.80.+f, 43.35 Fj
1. Introduction
In recent years, ultrasonic absorption studies have been carried out in binary mixtures of 
aliphatic amines and water by several investigators [1-3]. In these amines studied two 
rolaxational processes have been reported. One due to a proton-transfer reaction (hydrolysis) 
and other observed in more concentrated solutions in which the solutes consist of a relatively 
large hydrophobic group. The absorption in amines (with large hydrophobicity) is 
characterized by a peak sound absorption concentration. These phenomena were first 
considered by Barfield and Schneider [4] and the cause of the absorption was analyzed by 
Andreae etcU [5] and it has been attributed to the relaxation associated with an aggregation 
reaction on non-ionized amine molecules with a hydrophobic interaction.
Rallson e ta l  [6] have studied the phase diagram of n-octylaminc-water system. Dyro 
and Edmonds [7 ] have measured ultrasonic attenuation in n-octylaminc-water lyotropic
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mesophase at different concentrations and at different temperatures in the frequency range 
10-130 MHz. They predicted ultrasonic relaxation process taking place around -30 MHz in 
octylamine-water system at -31®C and -36.8°C.
Ultrasonic absorption measurements have been carried out in micellar solution of n- 
octylamine and heavy water in the frequency range 5 -6 5  MHz and at temperatures 30®C and 
37°C, at different concentrations of heavy water in octylamine. Velocity has been measured 
using interferometric technique at 2 MHz at different concentrations. Ultrasonic absorption 
coefficients at different concentrations in the concentration range 0.3 m.f.-0.9 m.f. heavy 
water have been found to show a maxima in the absorpiion curve at critical concentraiion 
(-0.85 m.f. heavy water). This peak has been found to shift towards lower concentrations of 
heavy water at higher frequencies. Results have been analyzed and it ha^  been found that 
single relaxation process takes place around 30 MHz and this has been attributed to 
aggregation of octylamine and heavy water molecules. Excess absorption pV wavelength has 
also been plotted at different frequencies. Ultra.sonic attenuation at 5 MHz and velocity at 
different temperatures have been measured in order to find the transition (critilfal) temperature 
for the system n-oclyamine-heavy water at critical concentration (Figure 1 ). The phase
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Figure I. Ab.sorption and velocity at different temperature at 0.8.S m.f. heavy water
transition temperature for this system was found to be = 35,4°C ± 0.2'’C. Absorption shows 
an anomalous peak and velocity undergoes discontinuity at phase transition region like 
thermotropic liquid crystals.
2. Ex p e rim e n ta l section
a Materials :
The materials used in the present investigation were n-octylamine (C«HnNH.J supplied by 
Merck (GDR) of stated purity 98% and heavy water vsupplied by BARC (India) of 99.8% 
purity. These substances were used without further purification.
/?. Ultrasonic absorption and velocity measurements :
The ultrasonic absorption measurement was carried out using pulse technique in the 
frequency range 5-65 MHz. A single x-cut quartz crystal of 5 MHz fundamental frequency 
was used to excite the crystal at its odd hannonics to produce ultrasonic frequencies upto 65 
MHz. A metallic vessel was used as ultrasonic cell and solution was kept inside the cell and 
temperature was varied u.sing a thermostat (NDE Model) and temperature was maintained 
within ±0.1 °C. Chesapeake UlOO model pulse generator was used to produce pulses in the 
ficqiicncy range investigated using different coils. Arcnberg PA 620 preamplifier and WA 
600 wide band amplifiers were used to amplify signal received after travelling a certain 
distance in the experimental liquid. Ab.soiption measurement was made monitoring first echo 
icccivcd on the .screen of the CRO. Ultrasonic velocity was measured at 2 MHz using 
interferometric technique. The enor in absorption measurement was about 5-8% while in 
velocity ±0.5%. Viscosity was measured using a viscometer having a fine capillary and 
density was measured using pycnometer.
3. Results and discussions
In figure 1 ( oclp) and velocity values have been plotted at different temperatures in order to 
determine the phase transition temperature. At phase transition region there is abrupt maxima 
in the absorption value while velocity curve undergoes discontinuity alike thermotropic liquid 
ciystals. This anomalous increase in absorption curve at phase transition may be attributed to 
the multiple relaxation processes taking place at phase transition |7] however, quantitative 
analysis needs further theoretical studies. In Figures 2 and 3, (oUP) has been plotted at 
dilfcrenl frequencies for different concentrations of heavy water in octylamine at .30°C and 
37'^C, respectively. Due to low value of (ceff^) at concentrations 0.3 and 0.5 m.f. heavy 
water, its value has not been reported here and for,which, within experimental error, no 
iclaxation process was observed. From Figures 2 and 3 it can be seen that (ociP) is larger at 
30*^ 0 at corresponding concentrations than 37^C. Similar behaviour has been observed by 
Dyro and Edmonds [7] in octylamine/water system. In Figures 4 and 5, variations of (o t/p )  
with concentration have been shown at 30°C and 37'^C, respectively in order to see the 
concentration variation of the ultrasonic absorption. From Figures 4 and 5, one can see that 
near critical concentration and at lower frequencies (5, 15, and 25 MHz), a sharp maxiina 
occurs while at higher frequencies maxima peak is less pronounced. The observation of 
tnaxima in Figures 4 and 5 is due to the formation of clatherale-like structure due to association
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of octylamine and heavy water. The peak is less pronounced beyond relaxation frequencv 
because the clatherate like structure begin to dissolve at higher frequencies. In Figure 6 excess
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Figure 2. ( vs frequency at 30" C at diffeient concentrations of heavy water in n-oaylan.,„e 
at 0.85 ( -  -  O -  0.8 ( -  -  A — ), 0.9 (-  -  A  -  -)  and 0 7 (-  -  D -  - )  molar fraction Dashed
lines connecting expennienca] points have been drawn for visual purposes.
^  3. «fi»q««y«t37"C «difl««conoentnaion.ofh^^
,. ■ “ ■ ■A ) ,0 . 9 ( - - A - - ) a n d 0 .7 ( — <=>--) molar fraction. Dashed
lines com ieedng experim eotal pm nts have bee itd raw n  fo r v i ^
absorption per wavelength against frequency has been plotted for various concentrations. 
Excess absorption per wavelength at different frequencies and concentrations at 30“C has
Ultrasonic relaxation studies associated with n-octylamine-heavy water 371been obtained using measured value of ultrasonic velocity, The dashed Itne in Figure 6 represents calculated relaxation spectra using the relation A j{\ + fu and they are
Figure  4. ( vs concentration (mole fraction heavy water) at different fiequencies at 30° nt 
5 ( - _ 0 - - ) ,  1 5 ( - - 0 - - ) , 2 5 ( -  - A - - ) , 3 5 ( - - A - - ) , 4 I S ( - - a  55 and
6?M H z(—  O - - ) .
F igure  5. ( a ( f^ )  v s  concentration (mole fraction heavy water) at different frequencies at 37° at
5 (—  O  -  15 ( -  -  •  — ). 25 ( -  -  A -  -). 35 (—  A -  -). 45 -  -). 55 and
6SM H z(— • — ).
&8A(4)j9
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in good agreement with experimental data. From Tables 1 and 2 it can be seen that 
IS nearly equal toB.
Figure 6. Excess absorption /i vs frequency at for 0.8 m.f. 0.9 m.f ( - - A ~ )
and at 0 85 m f. heavy water (—  a  — ) at 30“C. Arrows indicate the position of relaxation 
frequency.
Table 1. Ultrasonic relaxation parameter at different temperatures and for different concentration.s 
of heavy water in octylaminc. »
Concentration 
(mole fraction)
.4(10-”  Np.V^ cm *) /r(MHz) Z/(I0”*^  Nps^cm ')
30PC
0.70 200 35 47
0.80 220 32 58
0.85 - - -
0 90 90 25
37°C
60
0.70 l(K) y i 41
0.80 121 32 55
0 85 125 29 63
0.90 123 28 50
Tabic 2. (a /A ^)e ia„(1 0 -''’ NpS^cm-■’ ) and shear viscosity rf s ■
Concentration 30^ 3TC
mole fraction ris (1 0 ^  P) (“ y^)clms r ts O O ^ P) (0<r^ )cla«
0.70 3.83 45 3.24 39
0.80 4.66 54 4.35 51
0.85 * 5.12 60
0.90 4.17 49 4.06 48 _
'^discussed in the text.
4 . A nalysis
Experimentally observed ultrasonic absorption is given hy
where (Of//^) class given as (excluding thermal conduction contribution, which is negligible)
h d u ’ . ,j |
where rj, is shear viscosity, d  is density and u is velocity of the ultrasonic wave.
The ultrasonic data were analyzed according to the following equation, which assumes 
that the results indicate a single ultrasonic relaxation process
A
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( a / /= )  =
! + ( / / / , )
where A is the amplitude of the excess absorption, /  is the ultrasonic frequency, is 
relaxation frequency and B is the term due to classical absorption and contribution due to any 
other processes taking place beyond the experimental frequency, if any. Maximum absorption 
{^ r wavelength is given by
= (V2 K / 1. (4)
where u is the measured velocity of the ultrasonic wave. Excess absorption per wavelength at 
different frequencies has been obtained using the relation
M =
f t f r
(1 + ( / / /z )
2 • (5)
Values of enthalpies of activation were obtained by means of the Eyring rate 
expression
f r  = (Jtr)/(2;rfi) [exp(-dW//?r) exp(A5//?)], m
where AH and A S  are the enthalpy and entropy of activation, respectively, and T, R, k, and h 
arc temperature (in K), gas constant, Boltzmann constant and Planck constant respectively. 
AH (Table 3) was estimated from the slope of plot of ln(2 ;5r /^7') vs (1/7').
Eq. (3) was fitted to the experimental data at different frequencies in the frequency 
range investigated. A non-linear least square fit was carried out to obtain A , and B using 
computer, defined as
(7)
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was miniiwzed in order to obtain best fit parameters, where ( a / / ^ ) ^  is measured value
^  )caic calculated value of ( a f f ^ )  a n d  N  is the number of e x p e r i m e n t a l  p o i 
X2 in extreme dase was about 3. Poiniv
Table 3. Value of activation enthalpy AW (KJ/mole).
Concentration (mole fraction heavy water)
0.7 0.8 0.85 0.9
2.30 120 1.00
One can see from the Table I that the relaxation frequency has been found to increase 
with the concentration of amphiphilc n-octylamine i.e. with the dccreUe of heavy water 
concentration. Similar increase in the relaxation of CrTAB [8], concentrations above 0.30 M 
and in case of sodium octyl sulfate for concentrations above 0.15 M. This pchaviour has been 
found in the present case too having eight carbon in the hydrophobic parti It is possible that 
this relaxation cx:curs due to association amine and heavy water molecules like that observed 
in the case of octylaminc-waier system f7). In Table 2 classical value of ultrasonic absorption 
has been shown. It can be seen thal cxcess absorption is well accounted by the contribution 
due to relaxation process. At 30°C for 0.85 mole fraction of heavy water value of viscosity 
was very high, so the (^ /^/ )^duss found to be higher than the measured value ol 
(a //" ). This anomalous behaviour could not be explained. It may be that static viscosity i.s 
very high in comparison to the viscosity at experimental frequencies. Thus a.ssuming 
frequency dependence of viscosity, this anomaly can be explained. However, this needs 
further theoretical study.
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